Do You Remember or Have You Forgotten?  by Caixinha, Aníbal et al.
 Procedia Technology  5 ( 2012 )  941 – 950 
2212-0173 © 2012 Published by Elsevier Ltd. Selection and/or peer review under responsibility of CENTERIS/SCIKA - Association for Promotion 
and Dissemination of Scientific Knowledge
doi: 10.1016/j.protcy.2012.09.104 
 
CENTERIS 2012 - Conference on ENTERprise Information Systems / HCIST 2012 - International 
Conference on Health and Social Care Information Systems and Technologies 
 
Do you remember or have you forgotten? 
Aníbal Caixinha, Vanessa Magalhães, Isabel Machado Alexandre* 
Instituto Universitário de Lisboa (ISCTE-IUL) e Instituto de Telecomunicações 
Avenida das Forças Armadas, 1649-026 Lisbon, Portugal 
 
 
Abstract 
Dementia is, unfortunately, a well-known problem of nowadays, product of a set of generational transformations as a 
result of better life conditions. Since, we cannot eradicate this problem; we can try to develop means to minimize the 
effects in population’s life. Alzheimer disease is one type of dementia that affects already 7,3 million people only in 
Europe. Alzheimer does not only affect the person who is ill but also their families and friends, at different levels such as 
personal, emotional, social and financial. In this paper, we present a preliminary version of an interactive application that 
based on a narrative retrospective of the patient’s life tries to fight the evolution of the disease and maximize the patients’ 
cognitive function. With this we aim to minimize the effects of the illness and improve the life not only of the patient but 
also of his/her caring ones. 
 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of 
CENTERIS/HCIST. 
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1. Introduction  
The Alzheimer disease is a type of dementia which causes a global, progressive and irreversible 
deterioration of the several cognitive functions (memory, attention, con-centration, language, thinking, among 
others). This deterioration has some consequences such as changes in behaviour, character, and functional 
capability of the patient, making it difficult to complete its daily routine [1]. 
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The initial symptoms of the disease include loss of memory, spatial and time disorientation, confusion, 
reasoning and thinking problems. These symptoms become increasingly worse as the brain cells continue to 
die and their inter-connections alters. To date, no cure was found to Alzheimer disease. However, there are 
some medicines that allow the symptomatic treatment of most of the cognitive and behavioural changes. 
Although, they cannot avoid the progressive neurological loss, the existent medicines can help to stabilize and 
minimize some symptoms. Nevertheless, Alzheimer disease curing should gather the pharmacological and 
non-pharmacological interventions. 
The non-pharmacological ones, belongs to a group of interventions that strive to maximize the cognitive 
function and person well-being, as well as helping her/him in the process of the disease adaption. The 
activities developed try to stimulate people’s capabilities, preserving, most of the time, their autonomy, 
comfort and dignity. 
Taking these findings into consideration, the application here presented aims at maximizing the patient 
cognitive functioning, by exercising his/her memory. The application, called MEM+ - for MEMory+, 
presupposes that the patient lays on an initial or intermediate stage of the disease, where he/she can still walk, 
recognise people and can associate words to objects and colours. By acquiring information about the past 
history of the patient, the system is capable of generating a set of questionnaires that aim to identify if the 
patient maintained his/her level of awareness or if there was a deterioration of the previous cognitive 
condition. 
After the questionnaire, the patient is presented with a short narrative that links the facts that were not 
recalled. By presenting this story, we aim not to explicitly tell the patient that he/she has lost some memories 
but try to elicit the possibility of bringing them to mind. The application may portray the story by using media 
elements such as images, videos and audio files. 
In this context, we focus this paper on explaining the rationale of the application, arranged in this format: 
section 2 describes the context and related research, section 3 the application itself, going into details of 
conceptualisation and operation. Section 4 details the test conducted, and finally some conclusions are drawn 
and some future research directions are identified. 
2. Related work 
Stories have always been part of human culture, and although civilization has passed through several 
changes (cultural, evolutionary, etc.), they remain inside and around us. Each of us is capable of telling a story 
about his/her own life, each of us stores in his/her memory what happens in the world in the format of stories, 
and each of us uses stories to understand not only what surrounds us, but also what our role is in such a big 
play. And what if some day we wake up and such memories, parts of our stories are gone?  
This evidence was the major drive for the development of this project, and in particular of the application 
MEM+, because if someone has lost the ability to remember some important moments of his/her life, there is 
the chance that by being presented with a story that tells presents such events, the memories may came back. 
But how relevant is this for Alzheimer’s patients? 
Alzheimer’s disease is the most frequent form of dementia in elderly people [2] and for the time being no 
cure was found. Based on this, we centred our research on a non-pharmacological approach, which has already 
given some indications of being potentially beneficial for patients [3], [4]. In [4] a randomized pilot study was 
con-ducted to assess the efficacy of an interactive, multimedia tool of cognitive stimulation in Alzheimer’s 
disease. The multimedia tool allowed the patients to exercise their memory, attention focus and recognition of 
activities and emotions [5]. In this pilot study, the patients that underwent the multimedia tool also received a 
pharmacological treatment. The results showed some improvements in their cognitive achievements but 
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because of the multitude of variables involved in the study, the authors could not tell explicitly if they would 
come only from the use of the multimedia application.  
Another pilot randomised controlled trial was conducted in order to compare the effects of a formal 
computer-based, cognitive training program ([6]) with more passive computer-based activities in older adults 
with mild cognitive impairment (MCI). The goal was to determine whether intensive computer-based 
cognitive training is feasible in subjects with MCI and to estimate the size of its effect on cognition [7]. The 
results obtained found that intensive computer-based mental activity training is feasible in elders with MCI, 
and that it is possible to enhance cognitive function in subjects with MCI, who are a vulnerable group with a 
high risk of developing dementia. However, the limitations included the small sample size, which restricted 
the authors’ ability to determine whether their findings were due to chance or lack of power. 
In our research the goal is quite different since the aim is not to provide a set of de-contextualized 
simulation games to provide/enhance cognition training, but to tell each patient’s story and through this 
helping him/her to remember some of the facts already forgotten. By recalling some events or activities 
performed by their close related ones, it might be possible to achieve better results. The narrative component 
of the MEM+ is extremely important, and although we did not find in the literature any application in this 
particular context, Alzheimer Disease, but it has already proven to be highly relevant in domains such as 
Autism Spectrum Disorders and Down’s syndrome [8].  Similarly, to other applications that provided 
cognitive stimulation, MEM+ would devise a set of multimedia experiences – serious games - that aim to 
provide cognitive training to the patients. These multimedia experiences are personalised for each patient and 
use multimedia artefacts that are relevant only for a particular person.  
3. The application: MEM+ 
Being the intelligent narrative, interdisciplinary and defined as the capability of humans organize their life 
experiences as narratives, the story/narrative of the application is created through a set of questions that asked 
to the patient regarding his/her history of life. The application poses several questions to the patient and 
provides a set of answers for each question. That group of answers is generated regarding information 
previously supplied by someone close to the patient, a relative. For each question showed, the patient should 
select the correct answer, proceeding to the next question and respective answers. At the end of the 
interaction, the application provides a small story for the patient giving emphasis on the issues that were 
wrongly answered by the patient. The story is enhanced by the usage of any multimedia file that may help 
improving the recalling process.  
 
The next sections explain the form of the questions and their relationships among each other. 
3.1. Questions 
As initially referred, the application presents a set of questions and answers to the patient, according to the 
data initially inserted in the application, by someone close to the patient. The following questions are always 
presented, regardless of the scenario: 
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Table 1. Group1: Questions about the patient. 
Nr. Question 
1 What’s your name? 
2 Date of birth? 
3 Marital status? 
4 Which city do you live? 
 
These questions are exclusively directed to the patient. From this point several scenarios will be possible, 
according to patient’s life. The scenarios differ because of the questions initially responded by the patient. 
General questions can be posed to the patient, as shown in Table 2. 
Table 2. Group1: Questions about the patient’s parents. 
Nº Question 
1 What’s your Father’s name? 
2 Where was your Father born? 
3 When did your Father died? 
4 What’s your Mother’s name? 
5 Where was your Mother born? 
6 When did your Mother died? 
3.2. Categories, Priorities and  Rules 
The questions are grouped according to the following categories: patient, relative and event. Questions 
about the category patient are all related with the patient (for instance, name, age, etc.). Questions about the 
category relatives are all family related. Relatives are divided in two types: the ones that influenced the patient 
on childhood and adolescence, like their parents and siblings, among others; and the ones that later influenced 
the patient’s life, like husband/spouse, children, grandchildren, etc. So we defined two subcategories of 
relatives: level 1 and 2, respectively. There’s a huge tendency for the patients, as the disease develops, to 
remember more relatives level 1. Questions about the category event are all connected to important moments 
in patient’s life such as wedding, child’s birth, associated to the respective event’s date. 
The questionnaires have the following category order: first questions about the patient him/herself, 
secondly, relative (level 1 and 2) questions. At last, questions about category event are associated with 
patient’s relatives, so they will be organized along with the relative’s questions, for both levels. Then, inside 
each category and subcategory, there will be some group of questions. For example: in relative level 1, the 
sequence will be: Parents, Siblings and In-Laws. In Relative Level 2, sequence will be as follows: 
Nephew/Niece, Husband/Spouse, Children, Son/Daughter In-law and Grandchildren. Each question of each 
group will be numbered by ascending order, being questions of each group done according to that numbering. 
Table 3 shows the order of the questions in the questionnaire. 
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Table 3. Order of Questions 
Order Category Subcategory Group 
1 Patient N/A Group1: Patients 
2 Relative Level 1 Group2: Parents 
3 Relative Level 1 Group3: Siblings 
4 Relative Level 1 Group4: In-laws 
5 Relative Level 2 Group5: Nephew/Niece 
6 Relative Level 2 Group6: Husband/Spouse 
7 Relative Level 2 Group7: Children 
8 Relative Level 2 Group8: Son/daughter in-law 
9 Relative Level 2 Group9: Grandchildren 
3.3. Scenarios 
The information gathered from these questionnaires is stored a database, which has the following data 
model (see Fig. 1), which further allows the generation of different scenarios.  
 
 
 
Fig. 1. Data Model of MEM+ 
946   Aníbal Caixinha et al. /  Procedia Technology  5 ( 2012 )  941 – 950 
First thing to be introduced is the personal data about the patient: name, date of birth, place of birth, etc., 
then some information about meaningful people to the patient: parents, children, grandchildren, etc. Each of 
whom will be rated by the patient’s relative by their familiar relationship. Important moments in patient’s life 
are highly relevant, as wedding date, 1st child date of birth, etc. With this data, is now in position of 
generating an appropriate scenario for such particular patient. For example, imagine this scenario:  
Patient’s parents already passed away. Patient has two siblings. One of them is married and has two 
children. Patient is widower, has no children. Patient lives at home with the sister.  
The questionnaire, generated by MEM+, has the following structure:  
Table 4. Scenario IV 
Order Group Description 
1 Group 1 Patient questions 
2 Group 2 Patient’s parents questions 
3 Group 3 Patient’s siblings questions 
4 Group 4 Patient’s in-law questions 
5 Group 5 Patient’s nephew/niece questions 
6 Group 6 Patient’s husband/spouse questions 
3.4. Questionnaires 
A questionnaire consists of a set of questions directed to a particular patient, as well as the set of answers 
generated for each question at runtime. Each questionnaire has 5 questions maximum per group. Each 
question has as maximum 4 answers, only one of them is correct (see Fig. 2). 
 
 
 
Fig. 2. Question and correspondent set of answers. 
Therefore, the experience will be different each time the patient runs the application. Each time the patient 
interacts with the application, a record is maintained with all the questions made, as well as the answers given 
for each of those questions. Therefore, in the next interaction, a history analysis is done, defining the 
suitability of the questions for further utilisations. If the patient happens to answer consecutively wrong to 
more than 80% of the questions from a given group of questions (consecutively means more than 5 times in a 
row), the application will treat this set of questions as being forgotten, and will exclude such set from the 
questionnaire. 
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Fig. 3. History record† 
It is important to pinpoint that this history record can only be accessed by the administrator profile that is 
responsible of keeping the track of the evolution of the disease. After the questionnaire, and regardless of how 
many questions the patient got right, the system provides the patient with a small excerpt of his/her life’s 
story, emphasising the details that were mainly “forgotten” by the patient. By now, this story is presented in 
the application in text format‡. To produce, each story a set of templates were defined for the different case 
scenarios. This way, it is quite simple to generate the stories based on a memory loss pattern (for example, the 
patient has forgotten all memories about relatives level 2).   
The story model is specified with the use of eXtensible Mark-up Language (XML). Hence, for the story 
definition a Document Type Definition – DTD - file was developed specifying which are the elements that 
have to be read from the database, which ones are optional, what their attributes are, and how they can be 
structured with relation to each other. Here it is the partial example of the DTD that defines the story 
elements: 
… 
<!ELEMENT story (scenes)> 
<!--Definition Story --> 
<!ELEMENT story (event+)> 
<!ELEMENT event ( event_birth| event_marriage| event_death )+> 
<!ELEMENT event_birth (event_birth_self| event_birth_children |                     
                       event_birth_grandchildren |  
                       event_birth_relative)> 
<!ELEMENT event_birth_self (self_name, birth_date, birth_location)> 
                                                          
† In this figure the names were erased to maintain anonymity of the patient.  
‡ Since the stories produced by the system are highly related with the patient’s identity, and to keep their anonymity, we decided not 
to show them in the paper. 
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<!ELEMENT self_name (#PCDATA)> 
<!ELEMENT birth_date (#PCDATA)> 
<!ELEMENT birth_location (#PCDATA)> 
<!ELEMENT event_birth_children (spouse_name, child_name, birth_date, birth_location)> 
<!ELEMENT spouse_name (#PCDATA)> 
<!ELEMENT child_name (#PCDATA)> 
… 
With this definition it is possible to choose from a set of templates and present the story of the patient, 
emphasising the events forgotten. For example, if we had the following information: 
… 
<?xml version = "1.0" encoding = "UTF-8"?> 
<!DOCTYPE story SYSTEM "story.dtd"> 
<story> 
    <event> 
       <event_birth> 
         <event_birth_self> 
             <self_name>John</self_name> 
             <birth_date>2nd June 1940</birth_date> 
             <birth_location>Lisbon</birth_location> 
         </event_birth_self> 
         <event_birth_children> 
             <spouse_name>Anna</spouse_name> 
             <child_name>Joanna</child_name> 
             <birth_date>23th August 1970</birth_date> 
             <birth_location>Lisbon</birth_location> 
         </event_birth_self> 
       </event_birth> 
    </event> 
… 
The story would start like this: “You, John, were born at 2nd of June 1960 in 
Lisbon, and you and Anna have an only child, Joanna, that is almost now 42 years 
old. (…)” 
The use of XML was mainly chosen in order to guarantee the portability of the data in a categorized 
manner to other functionalities of the application, for example the memory games.  
4. Test Case 
After having developed the first prototype, we decided to conduct a test case just to validate our initial 
requisites and to gather data that can gives support to further development and enhancement. In this study, the 
subjects only interacted once with the application, and therefore we cannot conclude anything about the 
tracking of the disease’s evolution. In this preliminary experiment, we counted with the participations of 2 
subjects (who were indirect relatives of the researchers), characterised as follows in Table 5. 
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Table 5. Subjects characterization 
Patient Age Sex Education Computer Experience? 
Patient 1 71 M Elementary School No 
Patient 2 80 M Elementary School No 
 
The information, needed to feed MEM+, was gathered with the help of the patients’ relatives§. The 
interactions with both subjects were conducted in a relaxed environment, at their own homes with the 
justification that they were helping the researchers in a university research project. From this preliminary 
studied, we could only conclude that: 
x both subjects found the interaction interesting, although a bit suspicious since both did not know that they 
have Alzheimer’s disease; 
x in researchers’ opinion, some of the questions were a bit tedious, which suggests that some text questions 
should be replaced by some multimedia content; 
x the excerpt of the story generated from the interaction appeared only to one of the patients, since the other 
completed 100% of the questions with success. This might suggest that even in such cases some results 
should be shown to the patient in order to give him/her the idea of purpose of the interaction, and; 
x The simplicity of the interface was appreciated. 
5. Final Considerations 
In this paper, we presented a novel approach for tracking and stimulating the memory of Alzheimer’s 
patients through the use of interactive application. After having developed a small prototype, a test case was 
conducted with the aim of identifying the major issues to be enhanced and the acceptance of this kind of 
application by the patients. From the test case, it is quite straightforward to conclude that for credible and 
sustained results, a bigger sample is necessary, as well as a longer timeframe for applying the questionnaires. 
Several weeks, even months, are required to validate the results achieved in the questionnaires, since this kind 
of patients requires a special and tailored rhythm and pacing.  To what concerns, the MEM+‘s interfaces, they 
should be as simple as possible, by providing only core information in soft and neutral colors.  
 
Future enhancements and additions are going to be made in order to use different multimedia formats in the 
questionnaires, and different approaches to the story generated can also be studied (the use of an off voice to 
tell the story, the presence of a pedagogical embodied conversational agent, etc.). Also, a set of small games, 
to be precise serious games since each of each would have a well-defined training goal, are going to be 
introduced each of each based on the information and multimedia artefacts from the user. For example, the 
patient may be asked to sequence a set of photos, to play memory games with pictures of people or relevant 
objects, can do a puzzle which portraits a significant event, etc. Also, an interesting challenge rises since by 
now the questionnaire is answered orally by the patients or relatives and introduce by a care giver, however 
with the introduction of the small games the patients have to interact personally with the application. This 
interaction poses quite interesting challenges at the Human Computer Interaction (HCI) domain. 
                                                          
§ These relatives were not the researchers. 
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